ABSTRACT
INTRODUCTION
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Most chemicals discharged into the oceans accumulate in the sediments, causing toxic effects to benthic organisms or even returning to the water column (Swartz et al., 1982; Tommasi, 1979) . Due to that, the conservation and remediation of marine sediments started to receive more attention from scientists.
Brazil does not have quality standards for sediments, despite the existence of quality standards for marine, estuarine and freshwater (20 th Resolution of CONAMA, from June 18, 1986). Several approaches for sediment quality evaluation have been used in order to establish sediment standards. Among them, toxicity tests using amphipods have an important role in ecotoxicological studies.
Recently, the test procedures developed by Swartz et al. (1985) for Rhepoxynius abronius and by Nipper et al. (1989) for Grandidierella japonica were adapted by Melo (1993) for the burrowing amphipod Tiburonella viscana, a native species from Southern Brazil. This allowed the beginning of studies of sediment toxicity in the Coast of the State of São Paulo, where there are some very contaminated regions (Tommasi, 1987) .
The purpose of this research was to study some aspects of the use of toxicity tests with T. viscana in the evaluation of the quality of marine sediments. This study was designed in order to obtain initial information on the quality of some sediment samples collected in the Santos Estuary and Bay, where a more complete ecotoxicological study will be conducted by researchers from the Oceanographic Institute of University of Sao Paulo (IOUSP).
MATERIALS AND METHODS
Test-organism:
The species used as testorganism was the burrowing amphipod Tiburonella viscana Thomas & Barnard (1983) .
According to Melo (1993) , this animal is suitable to be used in toxicity tests, because it is sensitive to many kinds of contaminants, is abundant, and has a wide geographical distribution. It also presents high survival rate under laboratory conditions and is not sensitive to variations in abiotic parameters.
Amphipod collection:
The amphipods were collected on the sand banks from Engenho d'Água Beach, Ilhabela-SP (23°48'S -45º22'W), by using a hand dredge designed for the collection of infaunal amphipods (USEPA, 1991) . After identification (by consulting Dr Yoko Wakabara, amphipod taxonomist from IOUSP), the animals were transferred to tanks containing filtered seawater and a 1cm-layer of sediment from Engenho d'Água Beach. They were acclimated for 3 days in a density of 500 organisms per tank, at 23 + 2°C, under constant aeration and lighting, and received a supplementary food supply composed by Tetramin fishfood and Artemia sp. nauplii.
Only healthy amphipods were selected for use in the tests (no deformities, normal appendix movements, fast reaction to mechanical stimulation, rapid burrowing when in contact with sediment). Organisms ranging from 3 to 5 mm were used, therefore avoiding the use of senescent or very young individuals. Ovigerous females were not used.
Sediment collection:
The sediment used throughout the tests as control and for the acclimation of the animals was collected at Engenho d'Água Beach. The sediments used in experiment I were collected at Gonzaga Beach (I) and Santos Channel (II) (Fig. 1) . The samples tested in experiment II were collected at Mar de São Vicente (A), Prainha (B) and Paranapuã Beach (C) (Fig. 1 ). Sediment sampling was conducted by using a "Petersen" grab sampler with 0.01m 2 area (5 samples/site). Only the upper 2cm layer was collected. The samples were then transferred to polyethylene jars and carried to the laboratory in fiber boxes with ice. They were stored at 4ºC for 3 days. Additional sub-samples from the sediments used in experiment I were taken and analyzed for particle-size distribution (Suguio, 1973) and total organic carbon (Gaudette et al., 1974) . These samples were stored frozen.
Experiment I: The samples from Santos
Channel and Gonzaga Beach were tested in the first experiment. The test method was basically the same described by Swartz et al. (1985) for R. abronius and standardized by Melo (1993) for T. viscana. A static acute 10-day toxicity test was conducted, with 3 replicates/sample. Each test chamber (1L polyethylene vessel) was prepared with approximately 175ml sediment and 700mL filtered seawater, and received 20 amphipods. During the test, the system was maintained at 23 + 2°C, constant lighting and aeration, and the animals were not fed. The number of survivors in each chamber was counted after 10 days. Missing organisms were considered dead. The data was analyzed by oneway analysis of variance (ANOVA) followed by Dunnet's test (ASTM, 1992; Swartz et al., 1985; USEPA, 1991) .
Experiment II:
The second experiment, following the same method described for the first experiment, aimed to evaluate the toxicity of sediments from the São Vicente Estuary, where a complete study will be conducted in near future. It was hypothesized that the recent occupation along its banks may be producing sediment contamination.
Experiment III:
The objective of experiment III was to test the influence of different acclimation conditions on the survival of T. viscana. The animals were divided into two groups, both exposed to control sediment: Group 1 -organisms acclimated for 2 days receiving supplementary food supply. Group 2 -animals acclimated for 15 days, receiving supplementary food supply in the first 3 days and after the 13 th day. The test followed the same procedure described for experiments I and II. The mortality rate of the two groups was compared by using t'-Student test (Zar, 1984) .
Experiment IV:
A test with a reference substance (with no sediment) was conducted to evaluate the sensitivity of the organisms used in experiments I, II and III. The tested substance was chromium, as K 2 Cr 2 O 7 , at the following concentrations: 0.0, 1.0, 2.2, 4.6, 10.0, 22.0, and 46.0mg/L. Three replicates were prepared for each concentration, in glass beakers containing 300ml solution and 10 amphipods. The experiment was conducted with constant lighting, aeration and temperature of 23 ± 2ºC. The exposure period was of 48 hours and the number of dead animals was counted at test termination. The 48-h LC50 for K 2 Cr 2 O 7 was calculated by the Trimmed Spearman Karber method (Hamilton et al., 1977) .
RESULTS AND DISCUSSION
Experiment I: Santos Estuary has received large amounts of toxic substances from the discharge of industrial effluents, residues from portuary activities and urban sewage. Many of these contaminants accumulate into the sediments, producing negative effects on the biota. The sediment sample collected at Santos Channel was significantly toxic to T. viscana, whereas that from Gonzaga Beach did not cause significant mortality (Tab. 1).
Sediments from Santos Channel have historically been reported as very contaminated (Tommasi, 1979; Fúlfaro et al., 1983) , containing Pb, Hg, Zn, dieldrin and endosulfan (CETESB, 1978 (CETESB, , 1985 and hydrocarbons (Bícego, 1988) . Moreover, this channel is a lowenergy area, what is evidenced by the dominance of fine particles in the sediments collected there (Tab. 2) (Fúlfaro et al., 1983) . It is likely that contaminants are sorbed onto the particles, which settle on the bottom, accumulating contaminants in the sediments and causing toxic effects, as observed by Swartz et al. (1982) in Commencement Bay.
Due to the high sediment deposition that occurs at the Santos channel, its sediments are continuously dredged in order to keep the navigation channel deep enough to permit the passage of ships. Since the sediments collected there were toxic to T. viscana, the disposal of such material (currently made near the Moela Island) should be re-assessed.
The high survival of the amphipods exposed to sediments from Gonzaga Beach suggests an absence or little influence of the contaminants There was no previous study on sediment toxicology in Santos. The contamination levels are critical in this estuary. The present work, despite its preliminary character, presents a method that may be used in future researches. Moreover, the results were interesting and may be an incentive for further sediment ecotoxicological studies.
Experiment II:
The West portion of Santos Bay, where the São Vicente estuary is situated, was once considered semi-healthy (Tommasi, 1979) . However, in the last years, urban expansion led to an increasing occupation on the São Vicente Channel banks. This resulted in direct discharges of non-treated sewage into its waters. Only the sample from Mar de São Vicente was toxic to T. viscana in this test. The other two samples (Prainha and Paranapuã Beach) were collected at the outer portion of the estuary and were not toxic (Tab.3). This suggests that the sediment quality is already altered in the inner estuary. The proximity of this area to the contaminant sources, the low influence of oceanic waters and its low energy may be contributing factors to the increasing toxicity. New studies are currently being conducted there and will provide more information on the nature, the degree and the extension of degradation in the São Vicente Estuary.
Experiment III:
This experiment aimed to examine the suitability of different acclimation periods for T. viscana before its use in toxicity tests. There was no significant differences between the mortality of the amphipods acclimated for 2 and 15 days. In spite of the lack of significant difference, the mortality of the 15-day acclimated organisms was high (near 20%), and in two replicates it was higher than 20% (Tab. 4). 
Mortality (%) 2-day acclimation
8,33 + 3,34 15-day acclimation 18,33 + 8,82 According to the ASTM manuals for toxicity testing with amphipods (ASTM, 1992) , if the control mortality is higher than 20%, the results should be discarded, because it means that the amphipods were not healthy. This suggests that using 15-day acclimated amphipods must be seen with extreme care, and would not be advised until the establishment of T. viscana cultures.
The amphipod acclimation period recommended by Environment Canada (1993) and Swartz et al. (1985) ranges from 2 to 10 days. According to our results, the 3-day period seems to be suitable for T. viscana, allowing good survival of the organisms and optimizing the time for the whole testing procedure. An acclimation shorter than 3 days is not recommended because the amphipods are affected by the collecting and transportation procedures. Approximately 10 to 20% mortality of the collected organisms is observed in the acclimation tanks during the first 36 hours after collection.
Experiment IV:
The sensitivity of the organisms may affect the results of toxicity tests, especially when field collected animals are used. The sensitivity may change due to natural variations of the physiology and life stage of the organisms, as well as in response to environmental changes, including contamination.
Thus, the use of a reference substance toxicity test is recommended (Environment Canada, 1993) to estimate the sensitivity and health of the population and to compare it to other available data (Tab. 5). The 48-h LC50 estimated for the K 2 Cr 2 O 7 was 6.029mg/L (3.27 -11.12). This value was similar to that obtained by Melo (1993) , which was 5.85mg/L (4.9 -7.0), and lower than that estimated by Bryant et al. (1984) for Corophium volutator. Melo (1993) conducted tests using other reference substances (Zn and the surfactant SDS) and concluded that the sensitivity of T. viscana was comparable to that exhibited by other crustaceans commonly used as test-organisms. This was corroborated by our results.
FINAL COMMENTS
Sediment toxicity tests have been successfully used in many countries. In Brazil, the method using the amphipod T. viscana is the first available for evaluating marine sediments. This method was suitable for evaluating the toxicity of some sediment samples from Santos. It also has many advantages, as its low price, simple and fast execution and easy interpretation. Moreover, the test organisms are very sensitive to contaminants and easily handled. Thus, this method should be used as part of monitoring programs and in risk or impact assessments.
